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Description 



[A METHOD FOR OPTIMIZING FOUNDRY 
CAPACITY] 

Cross Reference to Related Applications 

[0001] The present application is related to pending U.S. Patent 
Application 10/ , filed concurrently herewith to Den- 
ton et al., entitled "A METHOD FOR SUPPLY CHAIN COM- 
PRESSION" having (IBM) Docket No. BUR920030197US1; 
U.S. Patent Application 10/ , filed concurrently here- 
with to Denton et al., entitled "METHOD FOR PURCHASE 
ORDER RESCHEDULING IN A LINEAR PROGRAM" having 
(IBM) Docket No. BUR92004009US1; U.S. Patent Applica- 
tion 10/ , filed concurrently herewith to Denton et 

al., entitled " A METHOD FOR SUPPLY CHAIN DECOMPOSI- 
TION" having (IBM) Docket No. BUR920040007US1; U.S. 

Patent Application 10/ , filed concurrently herewith 

to Denton et al., entitled "METHOD FOR FAIR SHARING 
LIMITED RESOURCES BETWEEN MULTIPLE CUSTOMERS" 
having (IBM) Docket No. BUR920040010US1; U.S. Patent 



Application 10/ , filed concurrently herewith to Den- 
ton et al., entitled "A METHOD FOR CONSIDERING HIERAR- 
CHICAL PREEMPTIVE DEMAND PRIORITIES IN A SUPPLY 
CHAIN OPTIMIZATION MODEL" having (IBM) Docket No. 

BUR920030198US1; U.S. Patent Application 10/ , 

filed concurrently herewith to Denton et al., entitled " 
METHOD FOR SIMULTANEOUSLY CONSIDERING CUSTOMER 
COMMIT DATES AND CUSTOMER REQUEST DATES" having 
(IBM) Docket No. BUR920040008US1; and U.S. Patent Ap- 
plication 10/ , filed concurrently herewith to Orzell 

et al., entitled "METHOD FOR IDENTIFYING PRODUCT AS- 
SETS IN A SUPPLY CHAIN USED TO SATISFY MULTIPLE CUS- 
TOMER DEMANDS" having Docket No. BUR820030346US1. 
The foregoing applications are assigned to the present 
assignee, and are all incorporated herein by reference. 
Background of Invention 

[0002] p ie id 0 f tne invention 

[0003] The present invention relates to computer implementable 
decision support systems for determining production 
plans which honor contractual obligations such as those 
concerning the microelectronics foundry business. Gen- 
eral methodologies within this field of study include ad- 



vanced planning systems, optimization and heuristic 
based algorithms, constraint based programming, and 
simulation. 

[0004] Description of the Related Art 

[0005] a fundamental problem faced in all manufacturing indus- 
tries is the allocation of material and capacity assets to 
meet end customer demand. Production lead times neces- 
sitate the advance planning of production starts, inter- 
plant shipments, and material substitutions throughout 
the supply chain so that these decisions are coordinated 
with the end customers" demand for any of a wide range 
of finished products (typically on the order of thousands 
in semiconductor manufacturing). Such advance planning 
depends upon the availability of finite resources which in- 
clude: finished goods inventory, work in process inventory 
(WIP) at various stages of the manufacturing system, and 
work-center capacity. Often, there are alternative possi- 
bilities for satisfying the demand. Products may be built at 
alternative locations and within a location there may be 
choices as to which materials or capacity to use to build 
the product. The product may be built directly or acquired 
through material substitution or purchase. When limited 
resources prevent the satisfaction of all demands, deci- 



sions need to be made as to which demand to satisfy and 
how to satisfy it. This resource allocation problem is often 
addressed through linear programming. 
[0006] The below-referenced U.S. Patents disclose embodiments 
that were satisfactory for the purposes for which they 
were intended. The disclosures of both the below- 
referenced prior U.S. Patents, in their entireties, are 
hereby expressly incorporated by reference into the 
present invention for purposes including, but not limited 
to, indicating the background of the present invention and 
illustrating the state of the art: U.S. Patent 5,971,585, 
"Best can do matching of assets with demand in micro- 
electronics manufacturing," October 26, 1999; U.S. Patent 
5,943,484, "Advanced material requirements planning in 
microelectronics manufacturing," August 24, 1999; and 
Nemhauser, G.L. and Wolsey, LA., 1999, Wiley, Integer and 
Combinatorial Optimization. 
Summary of Invention 

[0007] The invention provides a method and system for deter- 
mining a production plan that includes a first step that 
determines the minimum number of manufacturing starts 
that are required to meet contractual obligations; and a 
second step which determines a production plan satisfy- 



ing the minimum manufacturing starts together with other 
customer demands. More specifically, the invention 
presents a method of allocating production starts (e.g., 
wafer starts) in a manufacturing facility (e.g., wafer 
foundry) using a linear programming production planning 
system which performs a first stage of linear program- 
ming to satisfy only contractually mandated minimum 
production starts constraints followed by a second stage 
of linear programming to satisfy the additional con- 
straints, once the minimum starts constraints are satis- 
fied. 

[0008] The first stage of linear programming only allocates pro- 
duction starts up to contractually mandated minimums 
and additional production starts are allocated in the sec- 
ond stage of linear programming. The first stage of linear 
programming disables stability constraints, and the sec- 
ond stage of linear programming enables stability con- 
straints. The first stage of linear programming disables 
constraints relating to customers that do not have con- 
tractually mandated minimum production starts obliga- 
tions, and the second stage of linear programming en- 
ables constraints relating to customers that do not have 
contractually mandated minimum production starts obli- 



gations. 

[0009] The first stage of linear programming considers part 

numbers, time periods, and locations in the contractually 
mandated minimum production starts constraints. The 
first stage of linear programming ensures that the second 
stage of linear programming will meet contractually man- 
dated minimum production starts constraints. The first 
stage of linear programming allows the second stage of 
linear programming to allocate production starts based on 
constraints other than the contractually mandated mini- 
mum production starts constraints. 
Brief Description of Drawings 

[0010] Brief Description of the Drawings 

[° 01 1 ] Figure 1: Overview of the structure of a linear program- 
ming application. 

[0012] Figure 2: Overview of the major steps of a preferred em- 
bodiment of the invention. 

[0013] Figure 3: Summary of steps involved in determining the 
minimum number of manufacturing starts. 

[0014] Figure 4: Illustration of bills of materials supply chain for 
foundry and non-foundry demands. 

[0015] Figure 5: Summary of the major steps involved in deter- 



mining the production plan given a minimum number of 
manufacturing starts. 

[0016] Figure 6: Summary of steps involved in determining 
whether the contractual obligations may be satisfied. 

[0017] Figure 7: summary of steps involved in applying the in- 
vention to contract negotiations. 
Detailed Description 

[0018] The invention is implemented through a multi-stage lin- 
ear programming (LP) based method. The first of two LP 
runs considers only foundry demand. That first LP run 
also contains a constraint that prevents allocation of wafer 
starts from exceeding the minimum starts required by the 
contract. Thus, the first LP run satisfies minimum contrac- 
tual obligations up to the minimum starts required by the 
contract, and this first LP run does not allocate any addi- 
tional foundry capacity beyond this contractually required 
number of minimum starts, as this capacity will be pro- 
vided in the second LP run. The wafer starts resulting 
from that first run are those needed to meet the foundry 
demand and satisfy the nominal minimum starts. 

[0019] These wafer starts are used to create a new constraint 
used by the second LP run, which considers all demand 
(foundry and non-foundry). This new constraint ensures 



that the second LP run's wafer starts must be at least as 
great as those resulting from the first LP run on a cumula- 
tive basis across time. In other words, this process first 
allocates wafer starts only to those customers that have a 
contractually mandated minimum number of wafer starts, 
up to the minimum level of wafer starts. After these mini- 
mums are allocated, the remainder of the foundry capacity 
of wafer starts is allocated according to the remaining 
constraints of the LP program, without having to consider 
contractually mandated minimum starts. This allows the 
second LP run to release those foundry wafer starts earlier 
than required, if so doing allows a better satisfaction of 
non-foundry demand. The net result is that the second LP 
run is ensured to meet the contractual obligations while at 
the same time optimally allocating resources for non- 
foundry demands. A series of post-processing calcula- 
tions determine whether any unsatisfied foundry demand 
stemmed from an inability to meet the contractual wafer 
starts. This information is provided to the user so that any 
necessary corrective actions are taken (e.g. capacity in- 
crease). 

[0020] while the invention is described with respect to a "foundry 
minimum starts contract," one ordinarily skilled in the art 



would understand that the invention is applicable to other 
situations whether stemming from an explicit contractual 
relationship or a business policy aimed at behaving as if 
the relationship/policy requirement was contractual. The 
term "foundry" should be understood in that broad con- 
text and should in no way limit the scope of the inven- 
tion's applicability. Furthermore, the invention is usable 
outside of the microelectronics industry. 

[0021] jo contrast the present invention, a conventional produc- 
tion planning linear program "LP" is shown below (such as 
that described in U.S. Patent 5,971,585, which is incorpo- 
rated herein by reference). This LP makes decisions in- 
cluding: production starts, material substitutions, and 
shipments planned to customers, between manufacturing 
and distribution locations, and from vendor suppliers. A 
LP is composed of an objective function that defines a 
measure of the quality of a given solution, and a set of 
linear constraints. The types of equations used in produc- 
tion planning models are well known to those practiced in 
the art and include:(l) Material Balance Constraints, which 
ensure conservation of material flow through the network 
of stocking points comprising the supply chain. 

[0022] (2) Capacity Constraints, which ensure that the capacity 



available for manufacturing activities is not exceeded. 
[0023] (3) Backorder Conservation Constraints, which balance the 
quantity of a given part backordered in a given planning 
period with the quantity backordered in the previous 
planning period and the net of new demand and new 
shipments. 

[0024] (4) Sourcing Constraints, which define target ranges 

(minimum and maximum) of shipments that should be 
made from a particular manufacturing or vendor location 
in the supply chain. 

[0025] a conventional LP formulation is provided below in the 
form familiar to those practiced in the art; i.e., definition 
of subscripts, definition of objective function coefficients, 
definition of constants, definition of decision variables, LP 
formulation or equations. 

[0026] Definition of Subscripts 

[0027] j _ tj me period 

[0028] m _ material (part number) 

[0029] a _ plant location within the enterprise 

[0030] n _ material being substituted 

[0031] z _ group (which represents a family or collection of part 



numbers) 

[0032] e _ process (a method of purchasing or manufacturing a 

material at a plant) 
[0033] v _ receiving plant location 

[0034] £ _ demand center (i.e., customer location) (Note: the set 
of customer locations is mutually exclusive from the set of 
plant locations) 

[0035] q _ demand class which indicates relative priority 

[0036] w _ resource capacity which could be a machine, labor 
hour, or other constraint 

[0037] u _ represents a consumer location which refers to an in- 
ternal plant, external demand center, or toa generic indi- 
cator meaning any plant/or demand center 

[0038] Definition of Objective Function Coefficients 

[0039] prc - cost of releasing one piece of part m during pe- 

jmae 

riod jat plant a using process e 
[0040] SUBC substitution cost per piece of part number n 

jmna - 

which is being substituted by part number m during pe- 
riodjat plant a 

[0041] jq _ transportation cost per piece of part number m 

jmav 

leaving plant a during period j which are destined for 
plant v 



[0042] invc - inventory cost of holding one piece of part 

jma 

number m at the end of period j at a particular plant a 
[0043] DMAXC - cost per piece of exceeding the maximum 

jzau 

amount of shipments of group z parts from plant a to 
consuming location(s) u during period j 
[0044] DMINC - cost per piece of falling short of the minimum 

jzau 

amount of shipments specified for group z parts from 
plant a to consuming location(s) u during period j 
[0045] boC - backorder cost of one piece of part m at the end 

jmkq 

of period j for class q demand at customer location k 

[0046] Definition of Constants 

[0047] DEMAND - demand requested during time period j for 

jmkq 

part number m at customer location k for demand class q 
[0048] RECEIPT - quantity of projected wip and purchase order 

jma 

receipts for part number m expected to be received at 
plant a during time periodj 
[0049] CAPACITY Capacity of resource w available at plant a 

jaw - 

during period jto support production starts 
[0050] CAPREQ - Capacity of resource w required for part 

jmaew 

number m at plant a for process e during period j 
[0051] QTYPER - quantity of component m needed per part 

jmaen 

number n during period j at plant a using process e 
[0052] YIELD - output of part number m per piece released or 

jmae 



started at plant a during time period j using process e 
[0053] SUBQTY - quantity of part number m required to sub- 

jmna 

stitute for one piece of part number n at plant a during 
time period j 

[0054] MAXPCT - maximum percentage of total shipments of 

jzau 

group z (collection of parts) leaving supplier a during pe- 
riod jto support consumption at consuming location(s) u 
[0055] MINPCT - minimum percentage of total shipments of 

jzau 

group z (collection of parts) leaving supplier a during pe- 
riod jto support consumption at consuming location(s) u 

[0056] qj _ Cycle time. The number of periods between the 

jmae 

release and completion of part m jobs for releases made 
using process e at plant a during time period j 
[0057] jj _ transport time for part number m from plant a to 

mav 

plant v 

[0058] Definition of LP Decision Variables 

[0059] | _ inventory at the end of period j for part number m at 

jma 

a particular plant a? Production starts of part m during 

jmae 

period jat plant a using process e 
[0060] |_ _ Quantity of part number n which is being substi- 

jmna 

tuted by part number m during periodj at plant a 
[0061] j _ internal shipments of part number m leaving plant 

jmav 

a during period j which are destined for plant v 



[0062] p - Shipments of part number m leaving plant a dur- 

jmakq 

ing period j and satisfying class g demand at external cus- 
tomer k 

[0063] b - Back orders of part m at the end of period j for 

jmkq 

class q demand at customer location k 
[0064] h - Total shipments of group z (z is a "collection" of 

jzu 

parts) leaving suppliers during period jto support con- 
sumption at consuming location(s) u 
[0065] s - Amount by which total shipments of parts in z from 

jzau 

plant a to consuming location(s) u during period j exceeds 
the maximum amount specified as desired in the sourcing 
rules 

[0066] q - Amount by which total shipments of group z parts 
from plant a to consuming location(s) u during period j 
falls short of the minimum amount specified as desired in 
the sourcing rules 

[0067] LP Equations or Formulation 

[0068] The following minimizes the objective function subject to 
the constraints shown below. 

[0069] Objective Function: 

[0070] Minimize 



ZZZZ'^WZZZ]^ - 
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[° 071 ] Subject to: 

[0072] Sourcing Constraints: 

H j zu = Z Z (^«kw + Z ^ymoa? ) 
ma a 

Z(7*- +ZU"^ ^MAXPCT jim H j2U 
Z(^ +lL F j^) + G Jam >MINPCT Jiau H JZU 

m q 
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[0073] Capacity Constraints: 

IlGtfMB^i CAPACITY Jaw 

m e 

[0074] Backorder Constraints: 

*U = + DEMAND Jmkq - Z^j— 
[0075] Material Balance Constraints: 

l Jm a = Iu-i)ma + RECElPTjma+ £ £ YIELDxmae * Pxmae + £ ' Z, /TOra + 

™CT»„«=y * 

X £ Tx^-X SUBQTY ima * Lj^-Y, Z F ^ 
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x+7T»„v= ; 

~ Z Z QTYPERjnaenPjnae 



[0076] Non-Negativity Constraints: 

all X. ; > 0 , where X is a generic decision variable and i, y etc. represent generic subscripts 



[0077] The supply chain linear programming model shown above, 
does not consider some aspects of foundry manufacturing 
including minimum quantity of starts per day. In the mi- 
croelectronics foundry business, the customer often pro- 
vides the semiconductor chip designs and the manufac- 
turer builds the products. Because the yield depends upon 
the customers" chip designs as well as the manufacturing 
process, legally binding contracts may specify a minimum 
quantity of starts per day that will be released to the man- 
ufacturing line to support a particular foundry customer's 
demands. Essentially, this allows customers to reserve 
manufacturing capacity. Typically, such minimum starts 
are required to be released only to the extent that they are 
useable in supporting the customer's end-item demands. 

[0078] As shown in Figure 1, linear programming applications 
typically include the transformation of input files (block 
100) into output files (block 108) through a pre-processor 
(block 102), solver (block 104), and post-processor (block 
106) as shown in figure 1. The pre-processor (block 102) 
transforms the raw input files into a form useable by the 
linear programming solver. The solver (block 104) deter- 
mines an optimal raw output solution which is trans- 
formed by the post-processor (block 106) into a format 



acceptable for usage. 

[0079] Figure 4 provides a simplified representation of a supply 
chain in the microelectronics industry. In this figure, mod- 
ules Ml, M2, and M3 are assembled from component de- 
vices Dl, D2, and D3 respectively which result from wafer 
starts of wafers Wl, W2, and W3. Each of the elliptical ele- 
ments of Figure 4 represents a part number. Modules Ml 
and M2 have foundry (contractual) demand while module 
M3 has non-foundry demand. In this particular example, 
this could mean that modules Ml and M2 are built to 
meet the specifications of a customer owned design 
whereas module M3 may be built to meet the specification 
of a manufacturer's owned design. There are other rela- 
tionships which may be considered foundry (e.g. large 
volume ASICS production). A typical foundry contract may 
require the manufacturer to start (i.e. release) a minimum 
number of wafers per day (e.g. Wl) so long as there is 
sufficient end-item demand (e.g. Ml) available to con- 
sume the supply resulting from the minimum wafer starts. 

[0080] Figure 2 summarizes the major steps of the invention. 

Block 200 determines the minimum number of starts re- 
quired to be released into the manufacturing line in order 
to support the contractual obligation. This block considers 



both the nominal minimum starts specified in the contract 
as well as the foundry demand. The minimum starts out- 
put by block 200 are used as input by block 202. Block 
202 determines the production plan that satisfies those 
minimum starts resulting from block 200. Subsequently, 
block 204 identifies any problems in satisfying the con- 
tractual requirements (e.g., if a capacity limitation pre- 
vents the satisfaction of demand). These major steps 
summarized in Figure 2 are discussed in more detail be- 
low. 

[0081] Figure 3 contains the major steps encompassed in block 
200"s determination of the minimum number of starts re- 
quired to satisfy the contractual obligations. Recall that 
the contractual obligation is to satisfy the nominal quan- 
tity of wafer starts specified in the contract to the extent 
that there is sufficient foundry demand to consume those 
nominal wafer starts. The foundry demand is placed into 
the demand file and used by the first invocation of the 
linear programming solver. Depending upon the nature of 
the contractual obligation and the manufacturer's busi- 
ness policy, the foundry demand may be placed into the 
demand file as if it were due at some time prior to its ac- 
tual requested or committed delivery date. This demand 



preparation is contained within block 300. 

[0082] | n t he normal course of business, some parts may be 
placed into a "stability file". This file is used to specify 
parts for which no inventory is to be held at a stocking 
point. The feature embodied by the stability file is an op- 
tional feature of the invention. In one embodiment, this 
stability concept is implemented by putting high inventory 
penalties on such parts. For example, in Figure 4, parts 
W2 and D2 may be placed into a stability file, which 
means that the LP has a strong incentive to release manu- 
facturing starts of W2 only if there is sufficient capacity to 
produce W2 and D2 without waiting at the completion of 
W2 or D2. In less formal terms, W2 is released only if 
there is a "clear runway" of enough capacity to enable 
just-in-time processing. An alternative embodiment 
would implement stability by putting additional con- 
straints limiting the amount of inventory held of com- 
pleted W2 and D2 to zero. 

[0083] Although "stability" is a viable concept in normal opera- 
tions, it is inappropriate to apply the stability logic in the 
context of determining those minimum manufacturing 
starts required to honor contractual foundry obligations. 
Typically, the contract takes priority over a manufacturer's 



desire for stability. Consequently, block 302 removes 
(eliminates) the stability file, if such a file exists, for the 
purposes of the first linear programming run used to de- 
termine the contractually required minimum starts. 
[0084] Block 304 adds a new set of constraints to the set of lin- 
ear programming equations. This equation prevents the 
(first stage) linear program from creating production 
starts that exceed those explicitly stated in the contract 
(a.k.a. the minimum nominal manufacturing starts to be 
released by part m and time period j). For example, the 
constraint equation may have the following form: 

^^Pjmae - MmimumNo mm alStarts jm 

a e 

[0085] | n the above equation, one skilled in the art will notice 
that the Minimum Nominal Starts is indexed by part and 
time period. Other contracts may specify that the Minimal 
Nominal Starts needs to occur at a particular manufactur- 
ing plant location. In such circumstances, one skilled in 
the art will recognize that the Minimal Nominal Starts may 
be indexed by plant location as well, and possibly even by 
manufacturing process depending upon the contractual 
details. 



[0086] a final step in preparation for the first stage linear pro- 
gram is contained within block 306. Parts/Plants at the 
bottom of the bills of material which are not associated 
with contractual minimum nominal manufacturing starts 
should be fixed to zero. For example, suppose that Wl of 
Figure 4 has contractual minimum nominal manufacturing 
starts and W2 does not. In this example, W2 should have 
its production starts fixed to zero for the first stage linear 
program. This block 306 step is not essential to enabling 
the method but its use reduces overall execution time. 

[0087] Block 308 solves the first stage linear program using the 
data prepared by blocks 300-306. The result is a set of 
manufacturing starts that the manufacturer is contractu- 
ally obligated to release. More precisely, the manufacturer 
is obligated to start at least that many manufacturing re- 
leases on a cumulative basis over time. Refer to these as 
the "minimum starts." Referring again to Figure 2, the 
minimum starts determined by block 200 are "satisfied" 
when determining the production plan in block 202. In 
other words, the starts resulting from block 202 will be at 
least as great on a cumulative basis as the minimum starts 
determined by block 200. Both blocks 200 and 202 use a 
linear program as their primary solving mechanism. In one 



embodiment, these linear programs are run in separate 
directories to provide ready traceability and analysis of the 
runs in the event questions arise regarding operation of 
the production planning system. An alternative embodi- 
ment could provide a "warm start" connection between the 
two linear programming invocations. That is, the results 
of the first LP run could be kept in memory and the sec- 
ond LP run would be a "re-solve" of the first run except 
using different input conditions. The alternative embodi- 
ment has the advantage of quicker run time than one em- 
bodiment at a cost of reduced traceability of greater diffi- 
culty in analysis. 
[0088] Figure 5 summarizes the major steps of block 202. The 
second stage LP run must consider the full set of demand 
which includes both foundry and non-foundry demand 
(ref. block 500). Therefore, when running the second 
stage LP, the invention removes the constraints created 
for the first stage run in blocks 304 and 306 (ref. block 
502), restores the stability file to its original condition 
(ref. block 504), and most importantly, adds a constraint 
which ensures that the minimum starts established by 
block 200 are satisfied on a cumulative basis in the final 
production plan (ref. block 506). The latter constraint has 



a form such as the following. 



£ MinimumStarts jma 

j=l e j=\ 



[0089] | n the above equation, one skilled in the art will notice 
that the Minimum Starts is indexed by part, plant, and 
time period. Alternative embodiments may index the Min- 
imum Starts by part and plant or by part, plant, process, 
and time period. In general, the fewer the subscripts, the 
larger the feasible region considered in the second stage 
LP which tends to result in better solutions at a cost of in- 
creased execution time. 

[0090] The final major step of Figure 5 is the determination of 
the production plan through the solving of the second 
stage LP (ref. block 508). Typically, the production plan 
resulting from block 508 is consistent with the required 
contractual obligations. However, a capacity limitation 
may have prevented the manufacturer from satisfying its 
contractual obligations. Block 204 identifies such prob- 
lems so that they may be resolved. This is further detailed 
in Figure 6. In Figure 6, block 600 identifies foundry de- 
mand which is backordered. This step compares the 
foundry demand with the customer shipments contained 
within the production plan established in block 202. 



Those foundry demands which are not satisfied by ship- 
ments on time are considered "backordered." That is, they 
will be shipped later than the customer requested date(s). 
Such late shipments may or may not indicate a probability 
of contract violation. To find out whether there is a con- 
tract concern, it is necessary to determine whether such 
foundry backorders are supported by starts that are less 
than the contractual obligation. 

[0091] Block 602 pegs the backordered foundry demand of block 
600 through the bills of material supply chain to find the 
manufacturing starts supporting them. Refer to the latter 
as, "pegged starts." This pegging is done using the 
method described in co-pending U.S. Patent Application 

Serial Number ; U.S. Patent Number 

(IBM docket: BUR8-2003-0346US1 

(inventors Robert Orzell, et al. entitled " METHOD FOR 
IDENTIFYING PRODUCT ASSETS IN A SUPPLY CHAIN USED 
TO SATISFY MULTIPLE CUSTOMER DEMANDS"), which is 
being filed simultaneously herewith and which is incorpo- 
rated herein by reference above. 

[0092] For those parts with pegged starts, their total starts in the 
production plan (including those not pegged) are com- 
pared in block 604 with the nominal manufacturing starts 



specified in the contract. If these total starts are less than 
the nominal manufacturing starts on a cumulative basis at 
any point in time on or later than the time corresponding 
to the release of a pegged start (ref. block 606), then the 
pegged start and associated backordered foundry demand 
are highlighted to the analyst as a problem (block 608). 
That is, corrective action is required so that the manufac- 
turer meets its contractual obligations. Corrective actions 
could include increases in capacity and/or reductions in 
manufacturing cycle time. Consequently, the analyst may 
want to examine capacity input files and capacity utiliza- 
tion reports. Therefore, the invention performs a first 
stage of linear programming to satisfy only contractually 
mandated minimum production starts constraints, per- 
forms a second stage of linear programming to satisfy ad- 
ditional constraints, and identifies backordered demands. 
The second stage of linear programming forecasts cus- 
tomer shipments, and wherein the process of identifying 
backordered demands compares customer demand with 
the customer shipments. Customer demands that are not 
satisfied by customer shipments on time are classified as 
backordered demands and the invention performs a pro- 
cess of "pegging" (i.e., tracing) the backordered demands 



through a supply chain to identify corresponding produc- 
tion starts. The invention compares the backordered de- 
mands with contractual obligations to identify contractual 
violations and performs corrective actions to eliminate the 
contractual violations. 

[0093] Those practiced in the art will recognize that the invention 
also has the ability to prioritize the allocation of capacity 
amongst the foundry customers, based on business rules, 
in case of a capacity limitation or constraint. That is to 
say, if all the foundry requirements at any given period of 
time were greater than the capacity available during that 
period of time, the invention would allow for prioritization 
of the requirements based on business rules both within 
the first LP run and the second LP run. So at the end of the 
second LP run and the post processing steps, not only is 
the unsatisfied foundry demand identified to the user (as 
mentioned above) for corrective actions, but this also en- 
sures that the portion of the foundry demand that it could 
satisfy in the second LP run (due to capacity constraints), 
is allocated based on business rules. 

[0094] | n addition to the invention's usage in production plan- 
ning and execution runs, the invention may be used as a 
sizing tool to evaluate the impact of entering into con- 



tracts. Suppose for instance, that during the contract ne- 
gotiations conducted in block 700 of Figure 7, the cus- 
tomer requests a particular volume of nominal minimum 
manufacturing starts to be included in the contract. The 
manufacturer may re-run the methods of blocks 200-204 
(ref. block 702) and check whether the contractual mini- 
mum starts proposed by the customer may be satisfied 
given the manufacturers capacity and other data. If block 
704 indicates that the proposed contractual terms may 
not be satisfied, the manufacturer should re-enter negoti- 
ations with the customer (or increase capacity or reduce 
cycle times). On the other hand, if block 704 indicates the 
proposed terms may be satisfied, the manufacturer is free 
to close the contract in block 706. Thus, the invention 
performs a first stage of linear programming to satisfy 
only contractually mandated minimum production starts 
constraints, performs a second stage of linear program- 
ming to satisfy additional constraints, and evaluates the 
impact of proposed contracts using results of the first 
stage of linear programming and the second stage of lin- 
ear programming. These proposed contracts include min- 
imum manufacturing starts and the process of evaluating 
the impact of proposed contracts determines whether the 



manufacturing facility can satisfy minimum manufacturing 
starts contained within the proposed contracts. If the pro- 
cess of evaluating the impact of proposed contracts de- 
termines that the manufacturing facility cannot satisfy 
minimum manufacturing starts contained within the pro- 
posed contracts, the proposed contracts are revised and 
the evaluating process is repeated. This invention applies 
to any customer who wants to enter this type of contrac- 
tual relationship. Non-foundry relationships may still find 
this invention useful as a means for reserving manufac- 
turing capacity. 
[0095] Most steps of the present invention have been imple- 
mented on an IBM P690 server using the AIX operating 
system. The steps for implementing the present invention 
are preferably programmed in C/C+ + . It should be under- 
stood by those of ordinary skill in the art, however, that 
the represent invention is not limited to the above imple- 
mentation and is independent of the computer/system ar- 
chitecture. Accordingly, the present invention may equally 
be implemented on other computing platforms, program- 
ming languages and operating systems, and also may be 
hardwired into a circuit or other computational compo- 
nent. 



[0096] As shown above, the first LP phase creates wafer starts 
that are used in a new constraint used by the second LP 
run, which considers all demand (foundry and non- 
foundry). This new constraint ensures that the second LP 
run's wafer starts must be at least as great as those re- 
sulting from the first LP run on a cumulative basis across 
time. In other words, this process first allocates wafer 
starts only to those customers that have a contractually 
mandated minimum number of wafer starts, up to the 
minimum level of wafer starts. After these minimums are 
allocated, the remainder of the foundry capacity of wafer 
starts is allocated according to the remaining constraints 
of the LP program, without having to consider contractu- 
ally mandated minimum starts. This allows the second LP 
run to release those foundry wafer starts earlier than re- 
quired, if so doing allows a better satisfaction of non- 
foundry demand. The net result is that the second LP run 
is ensured to meet the contractual obligations while at the 
same time optimally allocating resources for non-foundry 
demands. A series of post-processing calculations deter- 
mine whether any unsatisfied foundry demand stemmed 
from an inability to meet the contractual wafer starts. This 
information is provided to the user so that any necessary 



corrective actions are taken (e.g. capacity increase). 
[0097] while the invention has been described in terms of the 
preferred embodiments, those skilled in the art will rec- 
ognize that the invention can be practiced with modifica- 
tion within the spirit and scope of the appended claims. 
As example, a heuristic based advanced production plan- 
ning system could be used instead of a linear program for 
some of the disclosed steps. 



